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The present invention relates to a system and method of 
analyzing the movement of a user. More particularly the 
present invention relates to a neW technique for assessing a 
user’ s motor functions. It is an object of the present invention 
to provide a simple, robust, and low-cost technique for ana 
lyzing the movement of a user, Which can be used in an 
unsupervised home environment. This object is achieved 
according to the invention by a method of analyzing the 
movement of a user, the method comprising the steps of 
causing the user to perform a coordinated movement in accor 
dance With an instruction, generating video image data in 
form of a sequence of images by video recording the user, 
determining in the sequence of images a degree of synchro 
nicity of optical How on the left and right body half using a 
computer system comprising computer vision technology, 
and assessing the user’s motor functions based on the degree 
of synchronicity. 
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SYSTEM AND METHOD OF ANALYZING 
THE MOVEMENT OF A USER 

The present invention relates to a system and method of 
analyzing the movement of a user. More particularly the 
present invention relates to a neW technique for assessing a 
user’s motor functions after a neurological insult, e.g. stroke 

Hemiparesis, i.e. a single-sided Weakness of the limbs is a 
one of the most common impairments folloWing stroke. In the 
US, 700.000 neW cases of stroke occur per year. Deadly in 
20% of the cases, stroke causes impairments in over 60% of 
the victims. Rehabilitation measures and loss of Work force 
in?ict costs of 850B to the US society per year. 

To maximize rehabilitation efforts While optimizing costs 
it is desirable that rehabilitation exercises are continued by 
the patient at home Without a supervising professional being 
available. It is Well knoWn that appropriate feedback 
enhances rehabilitation success. To this end, automatic 
assessment of exercises is necessary. 
From the prior art different techniques of assessing motor 

impairments are knoWn, eg by computerized evaluation of 
Writing exercises, by strength measurements or by exercising 
on an input device. These knoWn systems and methods are not 
intended for home use but for a professional environment. 

Other knoWn techniques are based upon a video approach, 
using video image data of a user to assess the user’s motor 
abilities. US. Pat. No. 6,816,603 B2 shoWs a method and 
apparatus for remote medical monitoring incorporating video 
processing, Wherein a plurality of silhouettes is generated and 
combined to provide a motion portrait, from Which ?nally 
motion characteristics are calculated. The complex video pro 
cessing procedure, Which has been suggested in said patent, 
include a substantial pre-processing and post-processing. 
Thereby the very complex task of body segmentation is per 
formed. 

It is an object of the present invention to provide a simple, 
robust, and loW-cost technique for analyzing the movement of 
a user, Which can be used in an unsupervised home environ 
ment. 

This object is achieved according to the invention by a 
method of analyzing the movement of a user, the method 
comprising the steps of causing the user to perform a coordi 
nated movement in accordance With an instruction, generat 
ing video image data in form of a sequence of images by video 
recording the user, determining in the sequence of images a 
degree of synchronicity of optical ?oW on the left and right 
body half using a computer system comprising computer 
vision technology, and assessing the user’s motor functions 
based on the degree of synchronicity. Additionally an appro 
priate feedback can be given to the user in form of correction 
and/ or evaluation. 

The object of the present invention is also achieved by a 
system for analyzing the movement of a user, the system 
comprising: a display unit and/or an audio interface adapted 
for causing the user to perform a coordinated movement in 
accordance With an instruction, a video camera adapted for 
generating video image data in form of a sequence of images 
by video recording the user, a computer system comprising 
computer vision technology, said computer system being 
adapted for determining based on the video image data a 
degree of synchronicity of optical ?oW on the left and right 
body half, and an analyzing unit adapted for assessing the 
user’s motor functions based on the degree of synchronicity. 

The object of the present invention is also achieved by a 
computer program for analyzing the movement of a user, the 
program comprising computer instructions to determine in 
the sequence of images a degree of synchronicity of optical 
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2 
?oW on the user’s left and right body half, Wherein said video 
image data in form of a sequence of images are generated by 
video recording the user, and computer instructions to assess 
the user’s motor functions based on the degree of synchro 
nicity, When the computer program is executed in a computer. 
The technical effects necessary according to the invention can 
thus be realized on the basis of the instructions of the com 
puter program in accordance With the invention. Such a com 
puter program can be stored on a carrier such as a CD-ROM 
or it can be available over the intemet or another computer 
netWork. Prior to executing the computer program is loaded 
into the computer by reading the computer program from the 
carrier, for example by means of a CD-ROM player, or from 
the intemet, and storing it in the memory of the computer. The 
computer includes inter alia a central processor unit (CPU), a 
bus system, memory means, eg RAM or ROM etc., storage 
means, e. g. ?oppy disk or hard disk units etc. and input/ output 
units. Alternatively the inventive method could be imple 
mented in hardWare, eg using one or more integrated cir 
cuits. 
A core idea of the invention is to assess the user’s motor 

functions based on a degree of synchronicity of the left and 
right half of the user’s body. As a measure the synchronicity 
of optical ?oW on the left and right half of the user’s body is 
used. In other Words, the motion ?oW in a sequence of images 
is evaluated in a Way that the synchronicity of the user’s 
motions is used as a decisive criterion. According to the 
invention, it is not relevant for assessing the user’s motor 
functions, Whether the computer identi?es a certain part of the 
video image as a user’s hand or elboW etc. The computer 
system analyzes the video data solely With respect to the 
optical ?oW. No segmentation or other complex, time con 
suming and expensive tasks are necessary. Hence the system 
ful?lls the requirements for robust operation in a home envi 
ronment. 

It has to be pointed out, that Wherever the term synchro 
nicity is used, the term asynchronicity might be used accord 
ingly. In other Words, it is not important for the invention, 
Whether a degree of synchronicity or a degree of asynchro 
nicity is determined While performing the method according 
to the invention. The aim is to determine, Whether the move 
ments of eg the user’s upper limbs are synchronistic (i.e. 
simultaneous) and/ or to Which degree the are not synchronis 
tic. With the invention different kinds of movements can be 
evaluated, e.g. movements of the upper and loWer limb or 
movements of the user’s face. 
The neW method and system according to the invention is 

characterized in that: it is not necessary for the user to carry 
re?ective markers or the like, the lighting conditions must not 
be knoWn, the user’ s clothing must not be knoWn, and the user 
may position itself freely Within the operating area of the 
camera. ThereWith the main problems of the prior art tech 
niques are solved. Additionally these advantages can be 
achieved by means of a simple, robust, and loW-cost tech 
nique, usable in an unsupervised home environment. 

These and other aspects of the invention Will be further 
elaborated on the basis of the folloWing embodiments Which 
are de?ned in the dependent claims. 

According to a preferred embodiment of the invention the 
user is instructed by means of a display unit and/or an audio 
interface. Thus, the user receives instructions to perform a 
certain physical task, eg a coordinated movement of the 
upper limbs. Preferably the requested task is shoWn to the user 
on the display unit and/ or transmitted to the user via the audio 
interface, e.g. spoken by a speech synthesizer. Furthermore 
the display unit is preferably adapted for providing visual 
feedback at the end of the exercise or during the course of 
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exercise, Whereas the audio interface is preferably adapted for 
providing audio feedback to the user. In other Words the 
display unit and/ or the audio interface are adapted to provide 
the result of the assessment to the user. 

According to the invention the degree of synchronicity is 
determined based on the optical How on the left and right half 
of the user’ s body. In order to distinguish betWeen the left and 
right body half, the centerline of the user’ s body is determined 
by tracking the user’s face, according to another preferred 
embodiment of the invention. For this purpose a tracking 
softWare is used in combination With a movable video camera 
(Which is equipped With servo motors to alloW pan and tilt 
motions). This alloWs the user to move freely Within the 
operation range of the video camera during the motor func 
tion test. In other Words, computer vision technology in com 
bination With a motor unit is employed to track the user and to 
position the camera such that the vertical midline of the user’ s 
body coincides With the midline of the images, Where deter 
mining the vertical body midline can be achieved by tracking 
softWare for features such as the face and other body parts. 
Alternatively the task of determining the vertical body mid 
line can be achieved by tracking body attached physical 
markers. 

For determining the degree of synchronicity, video image 
data, Which is assigned to the left of the centerline by means 
of the computer vision technology, is associated to the left 
body half of the user and video image data, Which is assigned 
to the right of the centerline by means of the computer vision 
technology, is associated to the right body half of the user. 

According to another preferred embodiment of the inven 
tion the recorded video images are segmented into static and 
moving areas. To determine the degree of synchronicity the 
How components in the left and right half of the user’s body 
are computed and compared to each other. For computing the 
How components preferably a three frame 3D recursive 
search motion estimation algorithm is used. This kind of 
algorithm describes the user’s motion by displacement vec 
tors and alloWs an easy and direct analysis of the user’s 
movements. 

After the degree of synchronicity is calculated, an assess 
ment of the user’s motor function is performed. For this 
purpose the degree of synchronicity is compared With a 
threshold value, according to another preferred embodiment 
of the invention. Thereby the threshold value is either a static 
value, enabling the determination of severity of paralysis of 
eg the user’s upper limbs. Alternatively the threshold value 
is adapted dynamically, thus the user’s progress of motor 
rehabilitation can be determined, e. g. during a period of days 
or months. 

Finally, according to yet another preferred embodiment of 
the invention, the result of the assessment are announced to 
the user, preferably using the display unit adapted to provide 
visual feedback to the user and/or an audio interface to pro 
vide audio feedback to the user. 

These and other aspects of the invention Will be described 
in detail hereinafter, by Way of example, With reference to the 
folloWing embodiments and the accompanying draWings; in 
Which: 

FIG. 1 shoWs a schematic block diagram of a system 
according to the invention, 

FIG. 2 shoWs a simpli?ed ?owchart of the method accord 
ing to the invention, 

FIG. 3 shoWs a schematic picture of a user With synchro 
nously moving arms, 

FIG. 4 shoWs a diagram illustrating a synchronous arm 
movement, and 
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4 
FIG. 5 shoWs a schematic picture of a user With asynchro 

nously moving arms, 
FIG. 6 shoWs a diagram illustrating an asynchronous arm 

movement. 

The system 1 comprises a display unit 2 and an audio 
interface 3 adapted for causing the user 4 to perform a coor 
dinated movement in accordance With an instruction (step 
100). In other Words the system 1 comprises means for 
instructing the user 4 about the exercise to perform. The user 
4 is requested to perform a certain motion, eg a simultaneous 
raising and loWering of the arms. The instruction is given to 
the user 4 eg in form of a short video clip or animation by 
means of the display 2 and/or as a spoken instruction via a 
speaker 5. The display 2 and the audio interface 3 are prefer 
ably combined forrning an interface unit 6. As interface unit 6, 
eg a computer monitor, a TV set, a handheld device or the 
like is used. The interface unit 6, in particular the display 2, is 
adapted for providing visual feedback to the user 4 during the 
exercise and/or at the end of the test. The feedback given 
during the exercise can include an information Whether or not 
the exercise is being performed Well by the user. The feedback 
given to the user 4 at the end of the test can include informa 
tion about the results of the test. 
The system 1 further comprises a video camera 7 adapted 

for generating video image data in form of a sequence of 
images by video recording the user 4 (step 110). For the 
purpose of the invention a single video camera 7 is suf?cient. 
HoWever, tWo or more video cameras 7 can be used, making 
the video image processing more complex. As video camera 
7 a very simple standard camera can be used, for example a 
Philips ToU Cam. Such a video camera 7 alloWs the recording 
of video images With loW or medium resolution, Which is 
suf?cient for the purpose of the present invention. The video 
camera 7 is equipped With a motor unit 8 comprising servo 
motors to alloW pan and tilt motions of the camera lens. Video 
camera 7 and motor unit 8 are combined forming a camera 
unit 10. Such a video camera 7 is knoWn for example from the 
Philips Home Dialog System. 

In a very simple embodiment of the invention a TV set is 
used to serve as the interface unit 6 and for audio input, e.g. 
instructions spoken by the user, the built-in microphone 9 of 
the video camera 7 is used. In another embodiment (not 
shoWn) the display 2, the audio interface 3 and the video 
camera 7, 8 is combined forming a single device. This alloWs 
an easy operation of the system, especially for elderly people, 
since the system Works Without an extensive cabling. 
The system 1 further comprises a computer system 11, 

implementing, among others, computer vision technology. 
The computer system 11, eg a standard personal computer, 
is adapted for carrying out the controlling of the inventive 
system 1. For this purpose the computer system 11 is con 
nected With the camera unit 10 and the interface unit 6. From 
the video camera 7, the image sequence is transferred to the 
processing unit 12 of the computer system 11. 

Furthermore the computer system 11 is adapted for per 
forming all task of calculating and computing video image 
data as Well as determining and assessing results. This is 
achieved according to the invention by means of a computer 
softWare comprising computer instructions adapted for car 
rying out the steps of the inventive method, When the softWare 
is executed in the computer system 11. 
The computer system 11 comprises functional modules or 

units, Which are implemented in form of hardWare, softWare 
or in form of a combination of both. 
A ?rst unit of the computer system 11, Which is preferably 

implemented as a softWare unit, is adapted to start the video 
recording folloWing a user command to start the test. In other 
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Words, if the user 4 speaks a prede?ned START instruction, 
and this instruction is recorded by means of the microphone 9, 
the performed user motion is recorded by means of the video 
camera 7. During the recording the animation showing the 
requested motion is shoWn on the display 2. 
A second unit of the computer system 11, Which is prefer 

ably implemented as a software unit, is adapted to control the 
motor unit 8 such that the video camera 7 folloWs the user’s 
face 13. Thereby the motor unit 8 is employed to track the 
user’ s face 13 and to position the video camera 7 such that the 
centerline of the user’s body coincides With the centerline of 
the images. 

While the camera image is being captured, the image is 
centered on the user’s face midline (virtual centreline 17) due 
to the face tracking softWare and the pan/tilt function of the 
video camera 7. Therefore, left and right half of the image 
correspond to left and right half 14, 15 of the user’s body. The 
pan/tilt function is used to track the user 4 before the exercise 
recording starts. During the video recording, this function is 
sWitched off and the user 4 is assumed to be standing in his 
place. 

After the image sequence is recorded, the images are pro 
cessed Within the processing unit 12 of the computer system 
11 (step 120). This processing unit 12 is preferably imple 
mented as a softWare unit, but can of course also be imple 
mented in form of a hardWare unit. The processing unit 12 is 
adapted to compute the optical How in the recorded image 
sequence, i.e. the unit is adapted to determine based on the 
video image data a degree of synchronicity of optical How on 
the left body half 14 and right body half 15, see FIG. 3. For 
this purpose a speci?c algorithm is used to compute the How 
in the recorded image sequence. 

The algorithm for processing the image is the 3d-recursive 
search block matching algorithm as described by Gerard de 
Haan et al, “True motion estimation With 3D-recursive search 
block matching” in “IEEE transactions on circuits and sys 
tems of video technology”, volume 3, number 5, October 
1993, pages 368 et seqq., to Which this application explicitly 
refers to and Which is incorporated by reference. This algo 
rithm is extremely ef?cient in comparison to other knoWn 
block matching algorithms, Which in principle alloWs the 
processing of the recorded images in real-time. 

Furthermore, a variation of the algorithm knoWn as 
“3-frame block matching” is employed. The name refers to 
the fact that the current camera image is being compared to 
the one before and the one thereafter and corresponding pixel 
blocks are searched for in forWard and backWard time direc 
tion by means of the processing unit 12. This avoids the 
occlusion problem and alloWs the segmentation of the image 
in moving foreground 19 and static background 18 Without a 
previously built background model. This fact is important in 
this case as due to the pan/tilt function of the video camera 7 
no information about the background can be gathered before 
the exercise recording starts. 

Resulting from applying the above mentioned algorithm 
by means of the processing unit 12 is a How ?eld correspond 
ing to the captured image. This means that for each block of 
pixels in the image, the displacement With respect to the 
previous image is stored by the processing unit 12 as a tWo 
dimensional vector f(x,y,t) 16, Where x and y are the pixel 
coordinates and t is the time at Which the camera image Was 
being captured, Where tIO is the start of the recorded 
sequence and tIT is the end time. In other Words this algo 
rithm describes the user’ s motion by displacement vectors 16. 
Examples for such displacement vectors are shoWn in FIG. 3. 
The algorithm compares blocks of pixels Within a number of 
video images. For this purpose the algorithm detects in an 
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6 
image a speci?c block of pixels (e.g. 3x3 pixels), Which is 
already knoWn to the algorithm from a previous image. The 
displacements vectors 16 de?ne the displacements of this 
block of pixels, thus de?ning the optical ?oW. HoWever, the 
algorithm does not knoW, Whether a block of pixels shoWs an 
arm or an elboW of the user 4. 

Given the How ?eld f(x,y,t), the total ?oW FL(t) and FR(t) 
in the left and right half of the image are computed by means 
of the processing unit 12 by summing up the all f(x,y,t) of 
pixels in the left and right half of the image, respectively. 
FL(t) and FR(t) are tWo-dimensional vectors having the x and 
y components of the total optical How on the respective side as 
entries. 
The sum of the movements in the left and right half of the 

image over the complete motion sequence FLtot and FRtot are 
computed by means of the processing unit 12. If the absolute 
value of either of these tWo values falls beloW a prede?ned 
threshold, it is concluded by the processing unit 12 that no 
movement took place on the respective side. This can lead 
either to repetition of the Whole exercise or to the conclusion 
that the patient is not able to conduct a movement on one side. 

Given the time series FL(t) and FR(t) Where t is betWeen 0 
and T, the synchronicity of the movement is being assessed. 
To this end, the correlation coef?cients of the x and y com 
ponents of the time series FL(t) and FR(t) are computed by 
means of the processing unit 12, these quantities are being 
called Cx and Cy. By de?nition of the correlation coef?cient 
Cx and Cy have values between —1 and 1. Here, a value of 1 
means synchronicity, —1 means anti-synchronicity. If Cx and 
Cy are 0, movements that are not synchronized. 
The correlation coef?cient C AB of tWo scalar quantities 

A(t) and B(t) given the standard deviation of A(t) as S A and 
that of B(t) as SE is de?ned as C AB:(<AB>—<A><B>)/(S A 
S B). Here the brackets stand for mean values over the time 
series. 

For a synchronous movement on the tWo body sides it is 
expected that the movement and thus the optical How in the x 
direction is anti-synchronous, i.e. it is expected that correla 
tion coef?cient Cx:—l. For the movement in y-direction, 
synchronous movement is expected, i.e. Cy:l. Therefore, 
CII — l —Cx|+| 1 —Cyl is a scalar measure for the deviation from 
the synchronous movement. Here denotes the absolute 
value. 
Due to either a prede?ned threshold or a personaliZed 

threshold, the value C (correlation coe?icient) obtained from 
the motion can be judged as describing a movement that is 
according to expectations or not. 
A diagram illustrating a symmetric arm movement accord 

ing to the user 4 illustrated in FIG. 3 is shoWn in FIG. 4. The 
diagram shoWs the sum of all motion vectors over the number 
of video frames for the Y-component of the left side ?oW 
vector 20 and Y-component of the right side ?oW vector 21. 
Both curves are nearly identically. The correlation coef?cient 
Cy for this example is 0.82, indicating a symmetric (synchro 
nous) arm movement of the user 4. The correlation coef?cient 
serves as a measure of synchronicity. 

FIG. 6 shoWs a diagram illustrating an asymmetric arm 
movement according to the user 4 illustrated in FIG. 5, Where 
the correlation coe?icient Cy is 0.21, indicating a asymmetric 
(asynchronous) arm movement of the user 4. As it can clearly 
be seen, the user’s right arm has performed the requested 
exercise not very Well. The right arm of the user performed 
almost no movement. As an result the right body half 15 
shoWs a different motor behaviour as the left body half 16 and 
the computed correlation coef?cient 16 is different from the 
example illustrated in FIG. 4. 
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Since the correlation factor is calculated based only on the 
optical How, this method is robust With respect to a variety of 
lighting conditions, background and garment of the patient. 
The system detects the synchronicity of the movements With 
out requiring the user 4 to Wear markers or hold devices. No 
segmentation of the user’s body into different body parts is 
necessary. Also the position of parts of the user’s body is not 
relevant. 

After the degree of synchronicity is calculated, an assess 
ment of the user’ s motor function is performed (step 130). For 
this purpose an analyZing unit 22 of the computer system 11, 
Which again is preferably implemented as a softWare unit, is 
adapted for assessing or grading the requested exercise, i.e. 
for assessing the user’s motor functions based on the degree 
of synchronicity. The degree of synchronicity, i.e. the corre 
lation factor, is compared With a threshold value, Which is 
stored Within the computer system 11. 

Having data from a group of stroke victims and a healthy 
control group, a static threshold is de?ned for assessing the 
result of the motion estimation analysis. Alternatively the 
degree of synchronicity of each test is stored and the threshold 
value is adapted dynamically. In this case the degree of syn 
chronicity serves as a progress indicator for rehabilitation. In 
this embodiment the analysing unit is especially trained to 
grade the performance of the individual user. It uses recorded 
historical data to evaluate the current performance in com 
parison With previous ones. This personalized algorithm 
alloWs the grading of rehabilitation success as Well as reliable 
detection of relapse or recurrence of stroke events. The result 
of the assessment is announced to the user 4, preferably using 
the display 2 and/or the audio interface 3 (step 140). 

If the analysis of the video image data results in an invalid 
conclusion or if no feasible results are determined, eg 
because the system is unable to perform the tracking of the 
user’s face 13 etc., a neW instruction is given from the com 
puter system 11 to the user 4 via the interface unit 6, eg 
asking the user to repeat the last exercise. HoWever, because 
of the robustness of the algorithm employed, movements of 
the user 4 during recording of the video images, eg a slight 
rotation of the user or the like, have no effect of the overall 
results and can therefore be neglected in most cases. 

The current invention can be used as part of a home stroke 
test application. Such an application is preferably adapted to 
be a part of a telemedicine and e-health platform. 

In contrast to prior art systems the current invention pre 
sents a realiZation of a system for assessing exercises for 
hemiparesis Without any additional sensors or input devices 
except a video camera 7. Furthermore it provides the patient 
With visual feedback. The requested exercises are performed 
freely by the user 4 and recorded by the camera 7. After 
processing the images, assessment and feedback are given. 
Due to its robustness and the use of only loW-cost standard 
computer equipment it is especially apt for use in an unsu 
pervised home environment. 

It Will be evident to those skilled in the art that the invention 
is not limited to the details of the foregoing illustrative 
embodiments, and that the present invention may be embod 
ied in other speci?c forms Without departing from the spirit or 
essential attributes thereof. The present embodiments are 
therefore to be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by the 
appended claims rather than by the foregoing description, and 
all changes Which come Within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. It Will furthermore be evident that the Word 
“comprising” does not exclude other elements or steps, that 
the Words “a” or “an” do not exclude a plurality, and that a 
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8 
single element, such as a computer system or another unit 
may ful?l the functions of several means recited in the claims. 
Any reference signs in the claims shall not be construed as 
limiting the claim concerned. 

REFERENCE NUMERALS 

1 system 
2 display 
3 audio interface 
4 user 

5 speaker 
6 interface unit 
7 video camera 
8 motor unit 
9 microphone 
10 camera unit 

11 computer system 
12 processing unit 
13 user’s face 
14 left body half 
15 right body half 
16 displacement vector 
17 centerline 
18 static area 
19 moving area 
20 left side ?oW vector 
21 right side ?oW vector 
22 analyZing unit 

What is claimed is: 
1. A method of analyzing the movement of a user, com 

prising the steps of: 
instructing the user to perform a coordinated movement, 
generating video image data in form of a sequence of 

images by video recording the user (4), 
determining in the sequence of images a degree of synchro 

nicity of optical ?oW betWeen the left and the right body 
halves using a computer system comprising computer 
vision technology, and 

assessing the user’s motor functions based on the degree of 
synchronicity. 

2. The method as claimed in claim 1, Wherein the step of 
instructing the user to perform a coordinated movement com 
prises the step of instructing the userusing a display and/or an 
audio interface. 

3. The method as claimed in claim 1, Wherein the coordi 
nated movement is a coordinated movement of the upper 
limbs. 

4. The method as claimed in claim 1, Wherein the step of 
determining a degree of synchronicity of optical How on the 
left and right body half comprises the step of segmenting an 
image into static and moving areas. 

5. The method as claimed in claim 1, Wherein the step of 
determining a degree of synchronicity of optical How on the 
left and right body halves comprises the step of comparing 
?oW components in the left and right halves of the user’s 
body. 

6. The method as claimed in claim 1, Wherein the step of 
determining a degree of synchronicity of optical How on the 
left and right body halves comprises the step of determining 
based on the video image data a centerline of the user’s body 
to de?ne a left and right body half. 

7. The method as claimed in claim 1, Wherein the step of 
determining a degree of synchronicity of optical How on the 
left and right body halves comprises the step of tracking the 
user’s face. 



US 8,213,678 B2 

8. The method as claimed in claim 1, wherein ?oW com 
ponents are computedusing a three frame 3D recursive search 
motion estimation algorithm. 

9. The method as claimed in claim 1, Wherein the step of 
assessing the user’s motor functions comprises the step of 
comparing the degree of synchronicity With a threshold value. 

10. The method as claimed in claim 1, Wherein the step of 
assessing the user’s motor functions comprises the step of 
determining a severity of paralysis. 

11. The method as claimed in claim 1, Wherein the step of 
assessing the user’s motor functions comprises the step of 
determining the user’s progress of motor rehabilitation. 

12. The method as claimed in claim 1, comprising the 
further step of announcing the result of the assessment to the. 

13. A system for analyZing the movement of a user, com 
prising: 

a display and/or an audio interface that instructs the user to 
perform a coordinated movement, 

a video camera that generates video image data in form of 
a sequence of images by video recording the user, 

a computer system comprising computer vision technol 
ogy, said computer system determining, based on the 
video image data, a degree of synchronicity of optical 
?oW betWeen the user’s left and right body halves, and 
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an analyZing unit that assesses the user’s motor functions 

based on the degree of synchronicity. 
14. A non-transitory computer readable medium storing a 

computer program for analyZing the movement of a user, the 
program comprising: 

computer instructions to determine in the sequence of 
images a degree of synchronicity of optical ?oW 
betWeen the user’s left and right body halves, Wherein 
said video image data in form of a sequence of images 
are generated by video recording the user, 

and 
computer instructions to assess the user’s motor functions 

based on the degree of synchronicity, 
When the computer program is executed in a computer. 

15. The system of claim 13 Wherein the degree of synchro 
nicity is determined by comparing ?oW components in the left 
and right halves of the user’s body. 

16. The system of claim 13 Wherein the degree of synchro 
nicity is compared to a threshold value. 

17. The system of claim 13 Wherein the analyZing unit 
provides an assessment of a severity of paralysis. 


